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Environmental Assessment 

Date: October 7, 1993 

Name of applicant/petitioner: 
Analytical Systems Engineering Corporation (ASEC) 

Address: 
5400 Shawnee Road, Suite 100 
Alexandria, VA 22312 

Description of proposed action: 
It is proposed to amend 21 CFR 179 to permit the use of 
linear accelerators as a sources of radiation of energies up 
to 10 MeV and doses of up to 0.5 Gy for radiographic 
inspection of large cargo containers and vehicles. The U.S. 
Customs Service, Federal Aviation Administration, Department 
of Defense, and Department of Transportation have expressed 
strong interest in this system for the detection of 
contraband such as illegal drugs, explosives, weapons, 
hazardous materials, and other unauthorized goods. 

An unknown percentage of the cargo to be examined may 
contain foods which therefore may incidentally be subjected 
to the radiation exposure. Without approval for the use of 
the inspection system with foods, cargo containers and 
vehicles would have to be manually searched and foods 
removed prior to inspection thereby significantly impairing 
the efficiency and effectiveness of the inspection process. 

The principle of operation is similar to that of equipment 
used for inspection of carry-on luggage in airports. 
However, this system is designed to handle intermodal 
containers (approximately 8' h x 48' 1 .x 8' w). 

The object to be examined is moved through thin fan shaped 
beams of radiation produced by one horizontal and one 
vertical oriented radiation source. Each beam is 
approximately 5 mm in width, and the beams are separated by 
a distance of approximately 5 ft. The transmitted radiation 
is detected by CsI(T1) scintillation detectors. The signals 
from each detector are integrated, amplified and transmitted 
to a computer where it is converted into a visible image. 
The computer also provides image analysis and enhancement 
capabilities. The use of two sources of radiation and 
detectors provides images in both the horizontal and 
vertical planes. Feasibility studies have established that 
the most appropriate radiation source for this application 
is 10 MeV x-rays produced by linear accelerators. 000373 
Linear accelerators are manufactured at several locations in 
the world. Within the United States, linear accelerators 
are manufactured primarily in the State of California. They 
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are also manufactured in Japan, France, Germany, Russia, the 
United Kingdom, and the Peoples Republic of China. 

It is anticipated that inspection facilities will primarily 
be associated with ports of entry and transportation centers 
with large volumes of containerized cargo, such as airports 
and seaports. Special dedicated facilities for the 
inspection system would be constructed in areas with 
restricted entry and not generally accessible to the general 
public. 

A test facility funded by the Department of Defense, 
Advanced Research Projects Agency (ARPA) through a contract 
with Analytical Systems Engineering Corporation (ASEC) has 
been constructed at the port in Tacoma, Washington to 
develop, demonstrate, and characterize the effectiveness of 
various non-invasive inspection technologies for detecting 
illegal drugs and other contraband transported by truck, 
railroad, and intermodal carriers. 

The testbed site covers an area of approximately 6 acres and 
has four main buildings. In summary, the inspection takes 
place within a totally enclosed radiation shielded building 
272 feect long and 60 feet high. Radiation shielding of the 
building is provided by the concrete and lead construction 
materials and supplemented with earthen berms constructed 
adjacent to the inspection building. 

Radiation shielding is sufficient to insure that personnel 
radiation exposures are within the limits established by the 
State of Washington, other regulatory agencies, and the 
recommendations of other standards setting organizations 
such as the National Council on Radiation Protection. The 
maximum radiation levels at the perimeter fence was measured 
to be 0.320 mrem/hr. Considering the operational plan of 4 
hours of beam on time per week, the maximum radiation level 
would be 1.28 mrem/week. Recommended and regulatory 
requirements for non-occupational exposure is 2 mrem/wk. 

Personnel access is controlled and no personnel are 
permitted within the inspection building during an 
inspection. Safety and operational interlock systems are 
provided to ensure that radiation production is terminated 
if any doors or other means of access are opened. Maximum 
radiation levels in areas expected to be occupied by 
personnel was measured as 0.450 mrem/hr. Considering the 
occupational plan of 4 hours of beam on time per week, the 
maximum radiation level in occupied areas is 1.8 mrem /wk, 
well below the regulatory requirement of 10 mrem/wk. 

Radiofrequency levels associated with the high voltage power 
supply are well within the limits established in Part 18 of 
the FCC rules and several orders of magnitude below that 
considered to be hazardous as published in the American 



National Standards Institute Sthdard C95.1. 

Small quantities of the nonflammable inert gas Sulfur 
Hexafluoride are used as the insulator for high voltage 
components. The components are sealed and the SF6 is not 
normally emitted into the atmosphere. The use of the gas 
insulation material has been standard for most high voltage 
applications over the past twenty years. The only hazards 
listed by the American Conference of Government Industrial 
Hygienists (ACGIH) are those associated with handling of 
pressurized containers and the risk of suffocation if the 
gas were released in an unventilated space and displaces the 
oxygen. In the event of an accident, any gas released into 
the atmosphere will dissipate similar to Helium. 

5. Identification of chemical substances that are subject to 
the proposed action: 
The proposed action is applicable to linear accelerators as 
a source of x-radiation with energies of up to 10 MeV. The 
proposal also includes a dose limit of 0.5 Gy for the 
inspection. 

-: 6. Introduction of substances into the environment 
There are no substances introduced into the environment 
other than the x-radiation which is expected to be emitted 
during use of the radiation source for the cargo imaging. 

The effect of radiation exposure to food stuffs has been 
studied over the past thirty years and is well known. In 
1980, the Food and Drug Administration Irradiated Food 
Committee concluded that food irradiated at a dose not 
exceeding I kiloGray is safe for human consumption. More 
specifically, the use of linear accelerator produced 
radiation of up to 10 MeV for inspection purposes was the 
subject of a World Health Organization Consultation, 
convened in cooperation with the International Atomic Energy 
Agency (IAEA) in 1989. The Consultation was chaired by a 
representative from the United States and included Dr. 
George Pauli of the Food and Drug Administration as a 
participant. The Consultation results were published as 
"Food safety aspects relating to the application of x-ray 
surveillance equipment: Memorandum from a WHO meeting," 
Bulletin of the World Health Organization 68(3) 297-301 
(1990). A copy is provided as Attachment 1. Papers 
prepared by participants from the USA, Hungary, and Mexico 
discussed the induced activity, microbiological, and 
toxicological effects (Attachments 2, 3, and 4). These 
reports, published literature, and prior FDA studies all 
indicate that 10 MeV x-radiation has no detectable effect on 
food irradiation at dose levels below 0.5 Gy. 0s0325 
An inspection facility must be designed and constructed to 
provide both ionizing and nonionizing radiation shielding 



sufficient to maintain accessible radiation levels well 
within the requirements of local, state, and federal 
requirements. Employees of the facility are subject to the 
occupational radiation control programs of State and local 
authorities as well as the Occupational Safety and Health 
Administration requirements. The pilot test f,acility 
located in Tacoma, Washington is fully compliant with 
applicable occupational exposure requirements. The linear 
accelerator radiation source complies with the requirements 
of the Federal Food, Drug, and Cosmetic Act, Subchapter C - 
Electronic Product Radiation Control. Linear accelerators 
are not subject to Nuclear Regulatory Commission regulation. 

There is no radioactive or other toxic waste generated by 
inspection facilities. 

Approval of the proposed action will have no impact upon 
compliance with current emission requirements. Failure to 
approve the action will mean that food contents of 
containers will have to be either removed prior to 
inspection, or the container must be manually searched and 
examined. Physical examination of cargo containers and 
vehicles adds a significant risk of injury to personnel. 

Linear accelerators are used throughout industry at present 
for a variety applications, including radiography. The 
introduction of this application for cargo inspection will 
involve existing technologies for production of equipment 
and facilities. The additional number of sources produced 
as a result of this application is not significant and will 
not significantly affect the waste generation or emissions. 

7. - 11. Not applicable 

12. List of preparers: 
This analysis has been prepared by Edwin A. Miller, RAC of 
C. L. McIntosh & Associates, Inc. A copy of Mr. Miller's 
resume is attached as Appendix A. A copy of C.L. McIntosh's 
flyer describing skills and services is attached as Appendix 
B. 

13. Certification: The undersigned official certifies that the 
information presented is true, accurate, and 
complete to the best of the knowledge of the 
firm or agency responsible for preparation of 
the environmental assessment. 

(Title) 

/ 14. References: None provided 
000376 



15. Not applicable 
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MemorandalMCmorandums 
,... ,-_.. DUPLICATF 

Food safety aspects relating to the application of 
X-ray surveill&ce equipment: Memorandum from 
a WHO meeting* 

hspection of food-containing cargoes using X-rays is saie since no deiectabie radioactivity will Se inducsc 
!n t,?e foodstuffs provided ihat an energy level of IO Met/ and a dose of 0.5 Gy are not exceeded. 

Introduction 
Many countries have regulations permitting the 
irradiation of foodsruf?“. In most cases. :hese reguia- 
<ions toniorm to :he Codex General Standard :‘or 
Irradiated Foods (I), and in particuIar specify that X- 
rays used for this purpose should be generated from 
machine Sources operating at or ‘ceiow an energy 
lrvei of 5 mcga-electron-voits (MeV). This limit has 

*’ been chosen in or&k to stay wei below the energy 
level where signi&ant induction of :adiuacriviry in 
:hr irradiated food mav be exmcred. 

Ionizing radiation-is used not onlv to accom- 
plish an effect on food, but also in con~rrrion wirh 
process and quality control (e.g., detection of the levti 
of filling in cans and. of foreign-bodies in containers) 
and in connecrion with the use of X-cay surveiilanc: 

l This Memorandum is based an $- . ..e reoon of a WHO Ccnsurta- 
;ion: cswened In coaperadon wctn :ha lnternatronal Mamtc 
Energy Agency (IAEA). which met in Neunerbergfhknich, Foderar 
Reoublic af Germany on 13-17 November 798% iha partlc:ganrs 
were A.M. AkaYYed. Coha. CM% X.J. Dale. Lcndon. Engtanuld: 
i.f. Olenl. Kariarune. federal ibpuotlc at Csrmany; 2. Farxls. 
3uaaoest. Hungary I Rappomur): M. Frissel.. Bikoven. Nerner. 
!dndS: H. Frahlich. Frankfurt. FeUeral Republic cf Germany: J-)-f. 
Huobel. Gaither3burg. MO. USA (Chewman): .f.R. Lujan. Mexico 
CF. Mexico: and G. Pauii, Warnington, DC. USA. Secretsrrar: ,K.W. 
3dgf. aerrin pest): A. Brynjolfason, Wagenrngen. Nefnerlands; 
F.K. Kiferstein. WHO (SsCreWy): A.-M. Schmitt-Hannlg, IAEA; 
9.9. Siflgh, London. England: and H. Stiff. ‘Wv3. Joint FAO;\VHO 
hod Standards ?rc?pramme: E. Casadei, FAO. Rome, Italy. In 
addition, compante$ inter&M in X-tav surveillance eawoment , 
were reoreseatea 3v G. Geus and C. t&n, Wissbaasn. Feueral 
Repunlic of Germany; C.T. Blurtden and G. Bennet. Bristol. 
Englana: and C.S. Nunan. Palo Alto. CA. USA. Requests for 
reorinta snould be sent to Or F.K. X%fentein. Food Safety Unit. 
CIvkon of Envtronmental Health, World Health Organizatlen. 
1211 Geneva 27. Switzertand. A Freneb translation of !f?is 
Memorandum wilt dooear in a later mu8 of tlw 6uUerin. 

equipment. W-IO has tecentiy been informed of new 
technologicai developments that have made it pas- 
sible to use higher energy X-ray systems for the 
examination of large cargo containers and iargo 
vehiclu to detect the Tresencc of contraband such ;?s 
iilegal drugs. explosives and guns. Some Mem’zzr 
States oT WHO have already expressed interest in the 
use oi such surveiilance :quipment However, for 
penetratin! large cargo containers, these systems 
opcr3te wtth X-ray energies‘of over 5 MeV. 

Although there Gay be considcrabie advantages 
in using this new technology in combating terrorism. 
etc., counrries may be hesitant in allowing the use oi 
such equipment on cargoes containing food becacse 
the energy ievef is in excess of that sp&ed for fc’c~d. 
irradiation by the Ccdex Alimentarks Commission. 

It was for this reson that WHO, in ccoperarion 
with IAEA. tonvcned a neexing to seek interrrarionai 
consensus on the food safety aspects arising from :ht 
use of high-energy X-ray survciilanct systems. ,\il 
companies known co WHO as devefouen or manc- 
facturers of X-ray surveillance eqkpmcnt were 
inked to partidpate. Their representatives presented 
:echnicai information on such equipment and sur- 
veiilance systems at tit: mc2:ing. 

The objectives ‘of the meeting were: 
- to investigate the usefulness of inspecting food- 

conraining cargoes with the heIp of ionizing 
radiation: 

- in the event of an aiiirmative answer, to define the 
parameters (energy-levei and dose) necessary for 
large cargo ~urvciliancr with X-rays; and 

- to consider possible health consequences from 
exposing food to X-rays with energies greater 
than 5 MeY and an absorbed dose in the range of 
OS gray (Gy), in reiation to induction of radio- 
acrivir y; toxicological, nutritional and sensory 
considerations; and microbiological considera- 
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Cargo lnspectlon ’ - 

Is inspection w/t/s X-fay survt3iBIanct equipment, 
useful? 

A major commitment of the customs authorities the 
worid over is the’ fight against illegal trafficking in 
contraband such as drugs and arms. There arc at 
least two factors which have an importanr beating on 
the efficiency with which this task is performed: 
(1) the need to unpack and repack cargo items; and. 
(2) the huge volume of cargoes at the present time 
and the increases anticipated in the future. 

At Hamburg port, for instance, container traffic 
increased by 11.7 ‘55 in 1988 to a total of 1.6 million 
containers. Dover and Southampton ports together 
handle approgmatefy 20 tonnes of food per minute 
every day, which amounts to some 95 miEon 
tonnes/year. Throughput in the State of Qatar is. 
some 20-m trailers of foods each day. Similar con- 
siderations appiy to air cargo. At Frankfurt Inter- 
national Airport, for exampie, 22 million individual 
consignments are handled annually by the customs 
authorities: an expansion by about 33% is expected 
by the year 2000. Ai1 the above figures are likeiy to 

~-,,increase with the anti$patcd rise in world food trade. 
Control procedures for detecting and preventing 

contraband fall into a number of categories, such as 
the use of (1) conventional manual controi; (2) dogs 
for detecting drugs and ‘explosives; (3) chromatogra- 
phic, sptctroscapic and refatcd methods; and (4) X- 
ray surveillance. 

The advantage of the first three of these methods 
is the immediate provision of incriminating evidence, 
thus pcrmitrinp direct assessments to & made. A 
disadvantage of the second and third methods is that 
these are highly speciaiized techniques and therefore 
of Limited general appiicability. Also, for bioiogicai 
reasons, dogs cannot repredly provide satisfactory 
results over extended periods. The most important 
drawback of ah three methods is that they are time- 
consuming and labour intensive and, consequently, 
do not petit a high throughput of goods geneniiy 
and large cargo cont+iners in particuiar. 

The fourth’method, X-ray survei&nd, is’s rapid 
and efficienr tool for the systematic and serial irrspec- 
tion of cargoes. Howeyer; X-cay surveillance systems 
currenrly in use operate at’ 140 kfiovoirs (i.e-, energy 
levels’ up to 0.14 MeV); because Of this technical 
h&aeon, present systems ailow for the inspection of 
smail cargoes only. It is understood. that recent’ 

* For tne purpose of thla report. UIe term “energy !eveF’ is 
delima aa rho maximum photon energy produdble by the X-ray 
SOUICL). 
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devdopments, &ii th x- 
ray energy lelda of I=ge 
cargo con*= to be ScTttzItd without the need for 
opening the eantaincr and unpaekittg the go&. 

This XICW tcchUiqUC Will thefOre faciritate the 
cheekiug of hrgc yOhxUU of bulk consignments such 
as perishable goods (e.g., fresh food, flow-, &CL 

textiles and leather goods without the need far un- 

~cking- II& is a particuiarly important c&$dcia- 
tion in ‘view of the txtraordinazy in~cnti~mws of 
smug&s in thinking UP places and means of e-on-. 
ceahnent. Perishable goods arc an example in point; 
bceause of ihc known difhcuhies in hand&g such 
cargoes (time constraints, financial penalties), these 
goods are being used, increasingly, to conceal con- 
traband. mostly drugs. It should be noted that the 
use of high-energy X-ray equipment requires 
experienced personnel trained in image interpretation 
and in its safe operation (for details, see Annex page 
301). 

Any development which facilitates rapid screen- 
ing 01 large cargo containers will be advantageous to 
the customs and other control authorities. However, 
the technical .feasibility and health consequences of 
such high-energy surveillanct systems art issues that 
are discussed below. 

. 
1 

Par8meters twcesssry Tar X-ray surve/llanc8 of 
lerge cargo containers 

i%erg~ levefs. X-ray surveilIance of Iarge cargo items 
with thicknesses of the order of 2.5 m of water 
equivalenf or 3Ocm of steel, is not possible without 
increasing the penetrating power of the X-ray beam. 
The penetrating power can be increased. only by 
increasing the energy Ieveis from those at present 
used for luggage inspection, typically up to 0.14 Meir, 
to energy levels of the order of 5 to IO MeV.’ 

. For successful imaging, in&&g use of various‘ 
kinds of image enhancement techniques, the ma& 
mum tolerable attetiuatioa of the primary Kay, 
heam in traversing the cargo unit appears to be 
between LOW4 and 10-j. The lo’* figure comes from 1 
presentations at this Consultation by reptesentativ?. 
of companies producing fan-beam, rno+g*go.. 
h@h-entrgy X-ray SurveiIance equipment. The lOy,f,J 
figure was inferred from published information on,;: 
racket-motor flaw detection in 50 cm of sreti ‘usma : 
16 MeV X-rays (2). 

mxx380 

’ One company dHcribed X-ray suwelll~ equipment u111?u 
maximum energy levels of 8 MaV: another compatiy demon; 
suated Images derived from equipment aperatIng at e??w.. 
levels between 6 MeV and 10 MeV; Ed a thtrd company suggeS-,’ 
ted the fx?ssibilily ot using energy IWOIS greater than 10 MN. 

WHO Bullerrn OMS. Vol 66 1990. 



The pcnc~ting powtt of the x-iay beam does 
- not increase indefinitely with incscrwing photon 

energy. There is a minimum in tbc a~tcnyatiq Cross- 
section vs.. photon’ energy, above which the X-ray 
beam becomes less pcuetrating (3). For carbon, this 
minimal attenuation energy is 55 MeV, but drops to . 
8 MeV for copper and to 3.5 Me? for lead 

Another factor to be considered is the contribu- 
tion to the attenuation f?om photonuciear .interac- 
tions (4) in the 6-30 MeV region which accounts for 
only 2-6% of the total attenuation, but which can be 
a major mechanism for inducing radioactivity’in the 
cargo material. This consideration is discussed in 
more detail below. 

* Dase /evefk liiformation on the dose rcquircmcuts for 
imaging with multi-MeV photons appears to be 
currently available only h;om commercial developers 
of such quipment 

For imaging with a cone-beam and a two- 
dimensional imaging screen (stationary cargo), the 
presentation by a representative of a developer of this 
type of equipment highlighted the need for a dose of 
0.05 Gy at the surface of the cargo nearer to the X- 

*’ 
ray source. This utould imply a dose at the detector 
side of the cargo of 6.05 x to-’ Gy (i.e., 5 x W Gy) 
required by the detector system to producc an 
acceptable image. 

For imaging with’ a fan-beam (moving cargo) 
facility using two beams at right angles, a much lower 
dose may be possible (in this contq a dose as Iow as 
O.OOO25 Gy at the source side was quoted by one 
producer). 

To allow for flexibility, for overlap of the 
exposures in some systems, for sufficient resolution, 
‘and for the need to re-examine cargoes in some 
ins’tances, the Consultation cousidered a maximum 
dose of 0.5 Gy absorbed by the food. 

Possibfe heaith cansequeti&ss 
Expcmsre of food to X-rays with energy levefs >5 
hfev’ and a maximum dose oi 0.5 Cy 

Indusffm al nrdlorcttvlty. Several possibilities exist to 
induce radioactivity in food. The induction depends 
oa an interaction between X-ray photons or neutrons 
with atoms in the food. Most interactions of this kind 
do ndt Icad to the induction. of radioactivity, 

One type of interaction produces radioactive 
isomers. Energy from a photon is absorbed by an. 
atom and afterwards emitted. as radiation. Neutrons 
may be emitted following interactions of photons 
with atoms in the food (e.g., deuterium), or from 

. outside sources (for example, as use_d in. a thermai 
neutron detection scanning device). The absorption 
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of a ncntmi by 
Elcctrous indllcc 

as the 
eiecxrons strike the target xsmuid. These photons, in 
tura, interact with the nucleus of the atom in pho+y 
nudear rsactio11s. Many of these react&s have 
threshold erretgies below which remions do not 
occur. Thresholds are &ways dependent on the ko- 
tape and +e type of reaction. ASI w’ ph$$aI 
processes arc weU known and ‘documented and 
amenable SO calculation. Resuits of such ca@&itkjns 
arc reported by Becker ($6) and by Lcboutet & 
Aucoutuviev (7). . 

.Based on such calculations, the Cons&ion 
&cognized that high-eneigy radiation can induce 
radioactivity in any absorbing medium, su& as food. 
For cxampfe, one can c&&e that even natural 
background radiations (e.g.. cosmic rays) induct 
radioactivity in food. The factors affecting the 
radioactivity include the type of radiation (electro- 
magnetic probability of induced electron or 
neutron), the energy of the radiation, and the par- 
ticular ckments found in the food. These factors c&n 
also inleracr; for example, hi&energy X-rays can 
induce mctions that produce neutrons, leading to 
further reactions caused byxthe IMMXIS. . ! :” : 

ExpcrimentaI stu&s that an &ev+nt to’&& 
mhe the efkczs of lowdo~gh-eaergy .%&isT&i 
food are usuaily not designed to determine indti& 
radioactivity at the ‘combinations of energy I&&- 
dose, and time after exposure that would be used ifi 
surveillance systems. However relevant experimentai 
data I(! available from studies designed to evriltite 
the use of activation analysis and the application of 
X-rays and tiectrons in food irradiation and medic@ 
uses at energy Ievels up to 24 MeV and at dosestip to 
50 kGy. Such studies, both &or&al and ex*- 
mental, can be used to extrapolate downw&Jc a 
lower dose such as that of 0.5 Gy considc&i t)‘y ‘thi, 
Consultation for surveillance systems. TheSe Stud+ 
,show no evidence that derectabte IeveW oi es: 
activity would be induced at these lower d-e+,,;;,. 

In 4ght of the large ‘variatio& of bac&rO~$ 
. radioactivity in food that are of no con~e~.$& 
Consuitation concluded that radioactivity ‘~~?~,;$~. 
detection limit is qko of no con&n. A criW’loQ$~!? 
detectable, induc$ radioactivity may be’ I&& :%tr~S 
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thati necessary. However, p~ent-day techxtoiogy is 
&pa& of producing X-ray surveillance equipment 
which does not induce detectable amounti df tidiw 
activity. Therefore, such a criterion provides a suf- 
ficient margin of .safety to eliminate the need for 
considering cumuiative effects of repeated X-ray sur- 
veillance inspections or occasionai dwriation from 
intended conditions of use due to human error. 

ToxlwkgXcsl, nufritionai md sensory cmsidtmtiom. 
The Consultation considered the question of whether 
high-energy X-ray surveillance of food-containing 
cargo might cause chemicai changes of toxicological 
or nutritional concern, or changes in the sensory 
quality of food. The conctusiqn was that, at the 
considered radiation dose of 0.5 Gy for X-ray cargo 
inspection. radiation-induced chemical changes in 
foods arc so minute that no toxicological risks, losses 
of nutients or changes in sensory quality can be 
foreseen. The dose ievel that might require considcra- 
rion of such risks or changes is considerably greater 
than that needed for surveillance: therefore, even 
repeated inspecrions of the same cargo would not be 
of concern. 7-I ‘I 

Mkrobio~gkal condderatfons. The ‘microbioio@d 
safety of irradiated fgods has been investigated in 
many laboratories in rciation to food preservation by 
ionizing radiation, and was a subject of discussion at 
severai international meetings of experts, in&ding 
rhe Joint FAO/IAEA/WMO Expert Commirtet on 
Wholesomeness of Irradiated Food (8). The con- 
clusion of these reviews was that the microbioiogical 
safety of irradiated food is fuily comparable with that 
of f6qds preserved by other acceptable preservation 
methods. 

Regarding the energy levels of X-ray survei~Iance 
equipment which are hi&er than those ar present 
permitted for food preservation, the Consultation 
conciuded that the events following the primary 
interactions, including chemical and radiobioiogicai 
effects, are the same and are independent of the 
different proportion of various primary energy absor- 
ption processes during interaction of X-rays with 
matter as a function of increasing phoion energies. 
Ihus, in principle, the same main questions which 
have been scrutinized in the past in relation to 
microbiological safety of radiation-preserved food 
may be considered also for highenergy X-ray sur- 
veillance of food. However, the much lower dose. 
requirement of the latter technique should be taken 
into consideration. Regarding dose requirement for 
seiecrive changes in the composition of the microflora 

, and for changes in the diagnostic characzeristics 

. 

of microorganisx& and cons&ring the fact thar 
nothing of sigx~ihance has beea found regarding 
iadiatioa-induced mutanr~ even at the dose levels of 
food preservation by irradiation, the Consdtation 
concluded that no microbiologicai hazard,,wiR a@e . 
&om the use of the proposed X-ray suiveillance 
systfms. 

Conciusions 
The Consultation concfudid that of ail the issues 
discussed, only the induction of radioactivity may be 
of concern regarding the potential effects of health. 
Evaluation of the iikeiihood of inducing radioactivity 
in food has mostly been based on theoretical caicuia- 
.tions because the X-ray surveiiIance systems current- 
ly under consideration are not capabIe of producing 
detectabie levek of activity. 

Calculations applied to the different passibiiiries 
can be quite complex. It is not esscntiai to make 
precise calculations, however, if a sufficient safety 
margin is buirt in to the d&be&on. This condition 
is mer when no detectable radioactivity is induced in 
foodsttlfk 

The Consultation Epa&dcd, on the basis of 
available evidencq that no dttectabIe radioactivity 
will be induced in foodstuffs when an energy level of 
IO MeV and a dose of 0.5 Gy are not exceeded. The 
safety of the food will not be affected. as a con- 
sequence of such exposure. 

However, this conciusion is not intended to 
preclude other safe surveillance systems designed to 
operate at a higher energy Ievc! or dose. In such 
cases, assurance should be provided that, at the point 
of consumption, food would not contain a measur- 
ably dereczabie amount of induced radioactivicy- 
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Annex 

Operatlunai radhfoglcaf safety aspects 

Elecrrou linear accderarors are being used through- 
out the world in’increasing numbers in a variety of 
important applications. Foremost among these is 
their role in the treatment of Cancer with both 
photon and efecrron radiations in the energy range 
4-40 MeV. To a greater extent linear accelerators are 
rcpkixlg cod0 SOUKXS and betatrons i.u medical 
ap&cations. Commerciai uses include non-destruc- 
tive testing by radiography, food preservation, 
product sterilization and radiation processing of 
materials such as pktics and adhesives. .Scientific 
applicatious include investigations in radiation 
bioiogy, radiation chemistry, nuckar and eiemenrary- 
panicle physics and radiation r&arch. 

Guidetines and standa+ QU the radiological 
safety aspccss of the operation of such accelerators 

container shipmenrt throughout ,the world, a new 
field of application for linear accderators with 

. photon energies of about 10 MeV has bcax es&- 
lished for X-ray surveillance of large contaiq~. II 

In principk the same regbtiation, kensmg and 
inspection proccdwts established by the aktopriate 
regulatory authity apply as Cot ajI iin& au&r- 
ators operating in the same energy tig& ‘In Co&: 
ties where a prbpcr radiation protect&n ink&&- 
tuxz is not available, the Consultation su&&&at 
the manufkcturer should notify the IAEA. Hoti&er, 
the responsibility for protection of pcrsotiet, 
fkcilitiy the pubtic and the environmerit from idi 
types of hazards related to liziac (lincar,.aaele&~) 
operations must rest with the managimcut df $h; 
organization using these systems. Under iu $r&bu, 
a safety unit should be established and a .s&ty 
programme appropriate to the special n@s df..ihe 
appkation should be devcfoped and impI&entid 

A radiation safety programme should “be 
developed in coordination with the facility’s overall 
safety programme, and iq compliance with nati&& 
regional and locaI xquirexncnts. Recoxnmendati& 
of intcmationd ~rgi&atious such as IAEA, the 
Intemationai Commission on RadioIogical Protek- 
tion (TCRP), the International Commissioli b’si 
Radiation Units and Measurements (ICRU), the 
International E?ectrotcchnicaI Commission (IEC) 
and the Commission of the European Communities, 
as weil as national commissions, should be con- 
sidered in the development of this programme. 

l Unkd sktn AtOmfC Ef80rgy Cotnmid0n. s118ly guM&rWs for 
hl#-mmr~ aCCder4ior fa@ittes Washfngton DC, Natfond 
Acculerator Committao. USAEC Dtvirfon of OperatIonal Safdi. 
1967 (see the lataf vur8lon). 

’ Unlfd St&s Afamfc Energy Rormwc.h and Chvolopment 
Admlnhtdlon. dperadonal srf8fy #andad. Waohing~oo DC. 
AECM Section m. USEMA (parlodl#lly reVh+t). 

a IAliA TecEniC8l Report Series No. 183 (/?t?dfOfag&f .SUfUb’ 
aspect5 ot the operadan of electran lineer aaaleratorsf. Qienni, .I 
Intsmatlonal Atomic Energy Agency, 1979. 



EN I 1111111111111 II III1 



- ” 

" AGbMDA ITEM 6.1: POSSIBLE HEALTH COIJSEQUENCES FRON EXPOSING FOOD. 
TO A 1iAXItKTEl ENERGY LEVEL OF >, 5 KeV AND A IlAXI~~~UI~ DOSE 331 THE 
RANGE OF 0.5 Gy: IKDUCTIOB OF RimOA~mmrY" 

Donald L. Thompson** 

and 

George E. Pauli*"* 

Abstract 

This working gaper discusses experimental and theoretical -work 
concerning the possible induction of radionuclides in fcod by 
high energy x-ray systems used for cargo surveillance. 
Activities found under a variety of conditions are compared to 
activities fron other sources. 

*Draft working paper for WHO consultation on Food Safety Aspects 
Relating to the Application of X-ray Surveillance Equipment 

.,convened in cooperation with iAEA, Neuherberg/Eunich, Federal 
<'Republic of Germany, 13-17 November, 1989 
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It has been proposed to conduct x-ray surveillance 0 
containers with equipment operating at voltages up to 10 KeV and 
with doses up to 0.5 Gy. Diiring e?:::pbSti?& to high energy photon 
beams, radioactivity can be induced in foods. Information on 
such processes is available, generally from research on 
sterilization of food at much larger doses, and often at higher 
energies than 10 HeV. 

Within the proposed range, two processes appear to be of concern: 
i s 0 me r activation by photon absorption and delayed Fhoton 
emission, and creation of radioactive isotopes by photon 
absorption followed by neutron emission. Some neutrons may 
subsequently be absorbed to create other radioactive species. 

Isomer activation can occur with energies as low as 0.1 to 3 hieV 
and several photoneutron thresholds for specific isotopes can be 
demonstrated below 10 UeV. F?hen photoneutron or other particle 
emission thresholds are exceeded the probability 04 such 
reactions is higher than for isomer activation or neutron 
interaction. 

Whether induced activity becomes a hazard to health depends on 
beam energy, half-life of the activation product, total dose, 
and concentration of the target element in the food. 
Fortunately, most induced radionuclides have very 0. short half&lives, most target elements in food exist-in trace 
amounts, and the higher atomic-numbered elements, which have 
higher activation yields, are the least abundant trace elements. 

Among the elements from hydrogen to bismuth, only 15. have 
isomers of stable isotopes with half-lives between 0.5 minutes 
and 12 years. Of the 22 isomers in this groupI only 4 are from 
elements found in food that have half-lives substantially greater 
than one hour, i.erp cadmium-lllm, cadmium-113m, tin-317n and 
tin-119m (m refers to a metastable isomeric form of an isotope). 

Glass and Smith (11 conducted a series of. measurements on the 
induction of these 22 redioactive isomers, as well as isomers of 
iron and zinc, by photon beams. The sources emFLoyeE were 
cesium-137, cobalt-6C, spent reactor fuel elements, and 4-, 8-, 
16-, and 24 E!eV x-rays. In addition to irradiation of sample 
elements, they exposed samples of food including beef, bacon, 
shrimp, chicken, and green beans. 

Exposure of pure samples of iron and zinc gave activities of less 
than 1 Ec; per sran of the element at photon energies up to 8 
Z-1 e V . Above that energy, photoneutron products maskeci isozeric 
activities. A sample of silver was neasured at less than 260 EC: 
per gram with cobalt-o'0 energy and 4 KeV x-ray, Sut kacarze 
nts!:eC at 8 IXV. Lead reached 52 Cq per gr?Jit at 4 I.IEV, tken 
leveled at 7.4 !:?q per gram fcr 16- and 24 He\i. Cadmium isomers 
increased in concent ration with Fhoton energy reaching 74 kEq 

dimiim , - ___ .- ..’ .. . . _.... -_... . : * ...‘. .I . .,. . .,. _. . 
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- per gram at 8 KeV, after which it was masked. Tin measurek 
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mEq per gram at 4 !;eV and leireled to 11 Bq per gram for 15- and 
24 13eV. Values are for 50 kGy doses. 

frradiated food and food ash samples were measured by both ganm 
and beta counting equiFment l Doses varied; cesium-137, 
cobalt-60 and fuel elements were 100, 80, and 140 kGy, 
respectively, The 4 HeV and 8 MeV exposures were 
100 Gy and 500 Gy, while 16 IeIeV and 24 PieV were 2 kGy and 3 kGy. 

Eaton, shrimp, and chicken yielded net positive gamma counts when 
exposed to fuel elements. Eaton was also positive for the 8 I.feV 
exposure but not the 16 NeV. Ash samples of the 8 MeV bacon and 
the feel element chicken samples did not confirm the net 
counts, leaving the fuel element bacon and shrimp as "anomalous" 
resuits. It should be noted that the cobalt-60 and fuel element 
samples were measured 60 days post-irradiation, and others were 
at 100 days post-irradiation. Only cadmium-113m and tin-119n, of 
the 4 ekpected products, have sufficient half-lives to be 
detected after this interval, 

The authors concluded that no definite isomer radioactiivity had 
been induced. They supported this with calculations of activity 
concentrations for 50 kGy exposures showing that 4 KeV and 24 

-: IJeV yields, yould be so low as to be experimentally undetectable 
in foods. Calculated values for the most important; isomers, 
those of tin, were at least a factor of 1,000 below the 
naturally occurring levels of potassium-40, carbon-14, tritium, 
and radium-226. 

Although the experiments were designed to evaluate isomer 
production, the equipment also detected photoneutron products 
created by the higher energy beams. At 16 and 24 KeV, there was 
spectral indication of sodium-22 activity. Previous experiments 
had shown rubidium-W could also be produced at these energias. 

Glass and Smith provided a table of calculated values Ear 
photoneutron products at 24 KeV. The radionuclides sodium-22, 
Fhosphorus-32 and -33, rubidium-04, iron-53, zinc-65; an6 
iodine-126 at 50 kGy doses fell in the s&me range of activity 
concent rations as naturally occurring nuclides in food. '(The 50 
kGy dose, though not stated in the table, is clearly intended, 
as shown by conlparison to activities given on an accompanying 
tablo in their report. 1 

One photoneutron reaction not reviewe6 in the above report is "the 
product ion of sodium-24. Eecause of the delayed counting 
interval used, this 15-hour half-life nuclidie would have decayed 
to undetectable levels.' 

Koch and Eisenhower (2) in their review Of food irradiation 
i.llustcated results 02 calculateci and ezperiKental yields from 
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50 kGy electron beams. They dete rroined sodium-22 
ham and beef, and sodium-24 ai=tivities in ham, 
For both radionuclides, ham yielded the highest activities. 
Sodium-22 (threshold 12.4 k;eV) increased activity with increasing 
beam energy apgrosching 1.5 mBq per gram at 15 XeV and 150 nBc: 
per 5ram at 24 PleV. Sodium-24 -is produced by absorption of a 
thermal neutron and theoretically can appear as a by-product: of 
photoneutron reactions below 10 EleV. However, at 10 MeV, the 
activity due to a 50 kGy dose is about 2 mBq per gram, and at 24 
NeV is nearly 3.7 Eq per gram. The efficiency of a photoneutron 
reaction from photon beams is about 10 times greater than an 
electron beam at 30 HeV and somewhat more than that at lower 
energies. 

Koch and Eisenhower also referenced experimental data on isoser 0 
activities in beef for various Dhoton energies and 50 kGy doses. 
The hig’nest level listed was-37 mEq per gram at 24, ReV for 
strontium-S7m. (half-life 2.8 hr.). This activity was 2000 times 
less at’ 8 l’leV, however. The longest lived. isomers were 
tellurium- 123~1 (104 days) and barium-135m (28.7 hrs). The 
tellurium isomer yielded 3 x 10-7 mBq per gram at 16 MeV, and 
barium measured less than 1 mBq per gram at 24 MeV. 

For any photon beam, it can be assumed that the induced activity 
is proportional to the total dose. The above referenced activity 

-.’ 
levels in ’ food can be used to predict levels generated by 
surveillance exposures at the lower dose. Thus, activities 
produced by a dose of 50 kGy decrease by a factor of 
100,000 for photon beams at a dose of 0.5Gy. Likewise, data on 
pure elements can be used with the elemental composition to 
assess maximum possible activities. . ._ 

Although the experimental data and calculated esthiates cited do 
not address specifically all possible combinations of food, 
energy level, and time to measurement after irradiation, in no 
case do the authors indicate a significantly increased level of 
radioactivity for foods irradiated at a dose below 10 MeV, even 
at extremely high doses. I?hile one cannot rule out the 
possibility of detectable levels of induced radioactivity from 
high doses of 10 HeV Fhotons, the extremely low dose needed for 
surveillance counterbalances any increased probability due to the 
higher energy. Although heeith protection guidelines shoUld be 
base6 on tte biologically equivalent dose delivered by the . 
particular radionuciide, a sufficiently lot; activity level cf any 
kind can make such a refinement unnecessary. 

Comparison may also be made to several published recommendations 
for r;enltb protection, although one should remember that suitable 
st~ncards for unavoidabie contamination are not necessarily 
LpproFriate for more readily controllable situatrons. The 
~!a~imur Permissible Concentrations in water (I.:?C) for U.S. 
occupational e?:posure on a F;eekly basis (31 are alxost all sit 
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DUPLICATE 
at 3 .i’ ECJ per cubic centimeter or higher. Of the exceptions, 
only iodine-126, with an fitI? of 2 %Q $62 cubic centimeter, would 
appear to be of concern in food. Average body. burdens for non- 
occupationally-exgosed persons are set at 1110th of that for 
radiation workers. 

Koch and Eisenhower illustrate the use of EPC values by 
considering ham which, when exposed to 50 kGy of 24 MeV 
electrons, has induced 52 mBq per gram of sodium-22. The XX for 
this nuclide in water is about 1500 n& per cubic centimeter r”or 
non-radiation workers. Consequently, in the extreme case that 
ham constituted the totai daily diet, the dose due to ingestion 
would be 28 times less than permitted in an equivalent mass of 
water. Assuming a Fhoton beam generates 10 times the activity, 
the activity concentration would still. be below the WC for this 
unusual diet. 

Report x0 . 30 or’ the International Commission on Radiation 
Protection gives valves for the annual limit of intake (AL11 
throuah occuptional ex3osurc to many radionuclides. Some ALI I s 
for nuclides most likely from food irradiation are tin-11% at 
200 I.IEq, sodium-, 32 at 20 I,IBu and sodium-24 at 100 13Eq. As an 
example, aflowing a factor bf 10 on the ALI for non-radiation 
workers, and applying it to a hypothetical daily diet of 22C0 

‘C grams containing sodium-24,. would be equivalent to each* meal 
containing 12 I3q per gram if consumed 24 hours after irradiation. _ 

in response to the Chernobyl incident, the U.S Food and Drug. 
Administration established Levels of Concern for acce-,table 
concentrations of ra&ionuclides in.-imported fcod (4,51. __ For 
iodine-131 in infant food, the monitoring level was 56 m8q ?er 
gram. For combined activities of cesium-134 and -133 in either 
infant or adult food, the monitoring level was 370 mBq per gram. 
The nonitcring level was based on an operational assumption that 
iodine-131 would be present in imported food fez about 6tl days, 
anu cesiuc isotopes for about one year. 

1. R. A. Glass anG Il. D. Smith, "L<easuresent of Xadioactive 
Isomers ?roduceri ‘by Gamma Rays, “ Stanford Resea:ch Tnstitute 
Report S-594, So. 3 (DA IS-12S-1~i<-151111 1960. 

3 -. E. L-7. Koch and E. E. Eisenhower, “Radioactivity Criteria for 
Zadiation Processing cf Foods,” E:ational Bureau cf Stahdzrds, 
1965. 

3. “b;a::imum pernissihie Cody Durrlens and Ciaximum Permissible 
Concentrations of Radionuclides in Air anti Veter- for Occu?ztLonL. 
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- Exposure,' National Committee on Radiation Protectio&~jG$c/ 
Bureau of Standards Handbook 69 (1959). 

4, FEDEML REGKSTER, vol.. 51, No, 122, pg+ 23155. "Radfonuclides 
in Imported Foods; Levels of Concern; Availability of Compliance 
Policy Guide," June 25, 1986. 

5. Conpliance Policy Guide, Food and Drug Administration, Chapter 
19 - "IKPORT FOODS, Radionuclides in Imported Foods," Nay 16, 
1986. 
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. . . /bjir,robiolo ical conside~fsfibds 0”’ fi ““b”-ri osslble health consequences 

from exposing food to X-ray.4 of energy levels higher than 

: MeV and a -m.qxi.m.ii. dose.. gf 0,s GU 

3. Farkas 

InStitlJte of Food TeChROlOgy, University of Horticultu- 

re and Food Industry, MCnesi tit 45, 1118 Budapest, 

Hungary 

Introduction 

Concerning the suggested use of surveillance of large 

.v.,. cargo conrtainers with high energy X-ray systems, the WHO 

intends to evaluate food safety aspects of this technology. 

In relation to this interest, the writer has been requested 

to consider microbiological implications from exposing food 

with an inonizing energy level higher than 5 MeV, and a maxi- 

mal dnse of c3,5 Gy. The following considerations are based 

%.' on these given parameters without investigating the techni- 

cal feasibility of X-ray surveillance of large cargo conta- 

iners, or the actual energy-and dose requirements of its 

specific applications. 

Microbiological safety of irradiated foods has been 

investigated in relation to food preservation by ionizing 

radiation by many laboratories and it was subject of dis- 

cussions of international meetings of experts. A consultants' 



.“. 

meeting jointly convened by FAil and IAEA has scrutinized 

microbiological aspects of food irradiation already $&&h/CA /‘E 

,'FAO;IAEA,1974/'. iielated detailed reviews have been published 

additionally /Tngram, 1?75; Ingram EC Farkas, 1977/. The 

conclusions of those reviews was that microbiological safety 

of irradiated food is fully comparable with that of foods 

preserved by other acceptable preservation methods; This 

concIusi.on bias endorsed by the Joint FAO/IAEA/WHO Expert 

Committee on !Jholesomeness c;f irradiated Food /JECFI/ both 

in 1976 and 1980 /?ECFI, 1977, 19$1/. The subject was again 

considered at a neeting of the 3oard of the international. 

Committee on Food !‘i ,ficrobiology and 'riygiei-ic /ICFMH/ of the 

International Union of Microbiological Societies held in 

'C 1982 /ICF,MH, 1983/, and at a Task Force Meeting on Pqblic 

Information on Food Irradiation held by the International .‘. 

Consultative Grup sn Food Irradiation /ICGFI/ in 1988. 7he 

background paper 04 the latter meeting on microbiological 

safety of irradiated foods has been published recently 

/Fa rkas, 1999/. All rhese meetings of experts concluded 

y ~ that food irradiaticn introduces no special microbiological 

problerr.. Governments in numerclus countries estabiished also 

their oldn independent expert committees to evaluate experi- 

mental eviderice on irradiated foods. So far reports of such 

cnmmittees have beeri pdbiished, the conclusions of the Joint 

FAO/IAEA/\/HO Experr Committee were reaffirmed. 



. 

Food preservation by irradiation requires doses much 

higher than 0,s Gy, and regulations on food irradiation Spj 

including the Codex General Standard for Irradiated Foods 

list X-ray sources operating at or below an energy level 

0 f 5 i-l e V among accsptable radiation sources suitable for 

food irradiation, This energy limit has been chosen in or- 

der to stay :~eil below the energy level where significant 

induction of radicactivity in the irradiated materials may 

Q 
be expected. Therefore, the present paper attempts to review 

rel‘e\/* d ant information regarding the validity of the 

above conclusions on microbiological safety of irradiated 

foodc if they ?dere exposed to X-rays of energy levels higher 

than 5 Me!, and VJith an maximal absorbed dose of 0.5 Gy. 
,r - i 

Interection2 of high enerqy X-ray with matter 

.4ccording to the knowledge on interaction of ionizing 

radiations with matter, the energy of X-and gamma rays is 

almost entirely absorbed by ejecting elec>ror;s .Prom ttre atc?ms 

L of the? material ihrcugh which they pass, and this process is 

almost independent ilf the mannac in which these atoms are 

combined into moiecules /E3acq & Alexander, 1966/. The 

secondary electrons produced are in fact the ionizing partic- 

les: almost all the ionizations are produced by the ejected 

elec trans. In photon interactions with matter three processes 

are of importance : photo-e lectric absorption, 



Comptan scattering and pair-production, depending on the I:.., . : 
photon energies involved. Photons having energies below 

0,s Mev may complete’ly be absorbed ahcf transfer their 

energy to an electron of one of the innermost orbita,!,s-_,; ;-,; iW;ii i i::, 

!.I h i c h i s ejected /photo-electric abscrption/‘. Photons ha- 

ving higher energies than 0,s MeV may collide with the 

Loosely bcund orbital electrons and are deflected with 

energies reduced by the amount imparted to the electrons 

/‘Campton effect/. These electrons are ejected and called 

Compton electrons. Photons having higher energies than 
I 

i , J 2 M e \i may react with the electric field around the 

nucleus 3nz sonvert all their energy to the production of 

3n alectrcn and a positron. This “pair production” uses up 

I,02 Me\/. The excess energy is imparted to the pair as 
T.’ 

kinetic en’ergy , The two particles then lose their energy by 1 

collisions with electrons, but in addition the positron has 

tse possicr,- Ly) ‘I;+ the greater the lower the kinetic energies, 

Cf “annihilation” with an electrcn. In this event, which 

a i Il. ,cos i r,rcnns eventually undergo, the mass of the txo pac- 

ticies is lost and appears 35 energy of two quansa of gamma- t 

-rays. Consequently, although the proportion of primary 

energy absorption processes involved maybe different with 

> 5 MeY photons than with those permitted for food preser- 

l/ation by irradiation, the events following the primary 

interactions, including chemical and radiobiological effects 

are the same. Thus, microbiological ccnsiderations cuncering 
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effects of hard X-ray photons of 5 5 MeV, and hard X-ray 
;..:.. 

I’ 
; ._ 1. 

photons of P 5 MeV are also the saine. 

Microbiological implications of irradiation of food 

during X-ray surveillance of cargo containers 

In principle, the main questions concerning microbiolo- 

gical safety of radition-preserved food may be considered 

a 
also for facd underwent X-ray surveillance, however, the much 

lowersdose requirement of the latter shall be taken into 

consideration. The main questions concerning microbiological 

safety of irradiated foods are; 

I/ Could selective changes in the microflora make known 
’ I 

pathogens more likely to occur, ar bring inta prominence 

unfamiliar pathogens? 

2/ Is it probable that “mutational” /including adaptive/ 

changes might make pathogens more virulent or more difficult 

c to recognize, 

m 

and could new pathogens arise in this way? 

\ \ 
Changes in the microbial flora of foods -- ---- ----m---m---- 

Considering the radiation resistance of food-borne micro- 

organisms, no significant lethal effect /reduction of the 

viable cell count/ can be expected at O,5 Gy /50 rad/ dose 

level, even under the most adverse environmental conditions 

influencing radiosensitivity of microbial cells- The lowest 



%I or t090 values for the I~OI$~ sensitive species of vegetative _. .\. ,;: .:. _' ..; ,,: '. :;..:: il .I _ bacteria are still in the order of 50 Gy /5 krad/, and even - ."'. = .' 

strains which were repair deficient shows Olo values higher ; . : ,_ 
than 20 Gy /Davies, 1776/. In a protective environment and 

-.. 

may be by an order of magnitude higher /ICMSF, 1980/. 

Therefore, no change of the microbial community structure 

of food or of microbial competition can be expected as an 

effect of S-ray surveillance. Thus, X-ray surveillence of 

cargo containers would not present a hazard resulting from 
a shift in the microflora of food they contain. Radiation 

doses involved are also too low to result changes of the 

physical properties or chemical composition of food which 

would jflf’luence subsequent growth of food-borne pathogenic 
or spoilage microorganisms. 

Induction/selection of “mutants” --e------v--- --- 

7.L 
It it rdell known that ionising radiations are mutagenic 

‘. 
.L W’.< ,:... ..-;-;1.~,.1.‘:‘~. :~ 

agents. However, 
: .,. -I.’ Ly.-’ * 

exposure to sunlight, ultraviolet irradiati- 
,‘ ,.. 

on and even many traditional treatments among food technolo- 
gical processes can induce mutagenic changes, too /Ingram & 
Farkas, 1?77/. 

It is well established that the genetic material deoxy- 

ribonucleic acid /DNA/ is the best candidate fnr the primary 
I chemical lesion in cellular radiobiology.‘To produce a mutant 

Q 

no more than a minor alteration muzt occur or remain unrepared 
in the “target” DNA so that its biological replication is not 
prevented, but only slightly interfered with, thereby giving 

increases in the number of imperfect replicas /i.e. mistakes/ 

that are made. It is this altered DNA made during the course 
of biological synthesis that represents the mutant, 

The number of mutcitions produced in a population is pro- 

portional with the dose of mutagenic agents /Ehrenberg, 1980, 

Leenhouts et al., 1981/ 
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dose, while that of survival declines. Thus yield curves al- .' 

ways posses a maximum whose position and magnitude depends 
c-7 on the kinetics of the mutatian and killing process /Eckhardt, r"e 

1980/* Assuming that mutation and killing are stochastically ?.-' _.' 
independent processes, in case of linear killing /exponential ~-~~~ 
survival curve/ coupled with linear mutation induction, the f&--y 

position of the maximum yield occurs at a dose corresponding -e; 
to =Ine lethal hit, that is the 37 % survival kvel. For line- ti 
ar killing and purely quadratic mutation induction the maximum 

yield occurs at a dose corresponding to I.4 % survival, etc. 

Thus ,.the very la!v dose required to X-ray surveillence would 

produce relatively less mutants than most application of food 

preservation by irradiation requiring much higher doses. Even 

in the latter field, the JEFI-s’ search far radiation induced 
mutants revealed however nothing of significance /JECFI, 1977, 

l?El/ * 

The general mutational effect of irradiation will be 

damage, i.e. impairment of normal functions and introduction 

of new biological demands /PrevWt.e et al.1970, MosseL, 1977, 

Maxcy, 1977; Maxcy & Rowley, 1978/. While this is likely to 
make organisms iilore difficult to grol4 and recognised, it it 
not likely ta make them more pathogenic. In fact, no evidence 

has been reported of an irradiation-induced enhanced pathoge- 

nicity Of food-borne microorganisms and no reports have been 

found suggesting the acquisition of pathogenicity of a nan- 
-pathogen, Neither irradiation of foods nor the widespread 
use of ionising radiation in the madical field have led to 
the appearance of alien pathogens, or en anced infectivity 
of knobin pathogens. 

Although in some experiments with specific inoculum 
ranges the reduction of high inoculum level of Some taxigenic 

moulds by radiation doses, which were at least 1000-times 



; 

I 

! 

higher than that required for the X-ray surveillance, resulted . 
an increase in toxin production /e.g. Applegate and Chipley, 

1973, Schindler et al., 

same effect 
1980/ others demonstrated that the 0 

can be obtained simply by dilution of the ino- -I---- 
‘..--C 

culum /Sharma et al., 1980, Odamtten et al., 1980, Badawey, ..l---+ 
LJ . ..+.-- 

19861’. Therefore, the increased toxin level is not related L-- 
to specific radiation effects or introduction of more toxi- PC, 

genie mutants. -3 
y-n 

Oiaonostic characters ---d--m----_ 

The rer;arted evidence indicates that irradiation treat- 

ment induces only transitional changes in the surviving cells 

even at the relatively high dose levels required for preserva- 
a 

tion af foc;d. Occasional changes in shape were temporary, 
except in extensively radiation re-cycled cells. The changes 

in biochrm ical pattern, or in growth response on selective 

media, were small and could usually be restored by resuscita- 

rf tion /Parirsi & Antoine, 1975 /Ingram, 1975/. Changes that 

occurred were not sl;fficient to obscure general identity, 

though they occassionally made previous identification more 

difficult /ICYSF, 1980/. The very low dose of X-ray surveil- 
lance can be expected to cause much less radiation damaged 

ceils, 

General conclusion 

On thz basis of the aforemetitiened considerations and 

evidsnczs, it can be concluded that, from the microbiologicai 
point of view, food which :qould ungergo X-ray surveillance in 

cargo cofltziners would not be different before and after the 

X-ray surveillance, The fact that the widespread medical use 
of radiation and the increasing use of food irradiation have 

caused no problems towards altered or more virulent forms of 

microorganisms, is a goad indication that analogous difficul- 

ties are not likely with X-ray inspected faods. 
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INTRODUCTION 

WHO has been informed of new technoIogica1 developments to use high energy, X-ray 

systems for the+xaminacion of large cargo containers to detect the presence of 
(11 

contrabend such as explosives and guns . The cargo is exposed to X-rays with energy 

higher than 5 MeV and is assumed that a dose of 0.5 Gy is absorbed by stuffs for 

survei 1 lance purposes. The use of X-ray systems with such energy levels for cargoes 

containing foodstuffs excess the level specified by the Codex Alimentatius Commission 

rZ for food pro&sing purposes . .. (21 

It is convenient to analize the possible health consequences from exposing food to 

doses in the range of 0.5 Gy with X-rays with energy higher than 5 MeV, taking in 

account toxicological, nutritional and microbiological. aspects, as well as the induc- 

tion of radioactivity. The purposes of .this working paper is to consider tha 

information concerning the toxicological aspects. 

?OXICOLOGtCAL CONSIDERATIONS 

From the toxicological consideration, foodstuffs exposed to X-rays are considered 

wholesome if the ionizing radiation his produce no toxic compounds in food. 

After searching the 1 i terature, trough INIS from i95O-1989, there are no specific 

pub1 ished or available papers or reports of toxicological work on food exposed to 

doses of 0.5 Gy with X-rays with energy higher than 5 MeV, so it is not possible 

the analysis di rectiy. 000404 ._ 

* Working paper WHO/IAEA Consultation on Food Safety Aspects Relating to the 

Application of X-ray Surveillance Ebuipment, NBuherberg, FRG, November, 1989. 



However, 
, “_,, -_ 

the analysis could be pbsslble based in the-findings related-with f&d~~~~$~ 
‘,’ ,,. . :;, -. .i-; 6.i.. ii”.<:, ;.-f;>yp..“~i 

irradiation research, extrapolating to’the very lowdose t&at foodstuffs c&ld “-’ : 
“, -, .i:-, c 

absorbe during X-ray surveillance and assuming that the used energy le,vel Gusa 
‘- .._ t 

no induced radtaceivfty problei& and thus C&I not expose the consumer to radiation-T 
.- _c. 

Since 1981, a Joint Expert Committee on the Wholesomeness of Irradiated Food, ‘2 

presenting WHO, FAO and IAEA concluded that no hazard is Involved in processing II= 
L 

any food with .ionizing radiation .up to 10 key. I 

As result of the findings in animal feeding tests and knowledge about the nature 

and predictsbil i ty of radlolytic products, .procedures to investigate the toxicolo- 

gical safety of food exposed ta ionizing radiation gradually focusing on the 

radiolyric products. The USA Food and Drug Administration Stating (3) 
that scientists 

should focus on- the safety of the radiolytic products to evaluate the safety of 

irradiated foods, pointing out that the traditional. animal feeding studies are 

inappropiate. Hcwever, is not necessary to extrapolate and examine for each food 

exposed to X-rays, for survei 1 lance purposes. This standpoint is similar for the 

use of low energy X-ray inspection of food (3) . 

‘; 
‘b.i. x 

.,,, .;-‘;:.;Y<. . . . . ‘. 

‘. .;. . . ‘:. : &$; ,. . .F ;; :, ., .:;‘d. .:.:,;..’ 
The current understanding of the chemica? effects of ‘ionizing’ rad‘iation’&‘*?he 

y.;.;;:,‘.‘--. 
_‘, c:i, : ,. ..... 

composition of foods, permi.ts TV consider that although detectable, the chemical 
(&I changes are too small . 

For each kGy of ionizing radiation absorbed by one kg of food approximately six 

chemica 1 bonds are broken in each ten mill ion chemical bonds present. The products 

that have been found by analysis are the same types of compounds al ready present 

‘\ in foods and produced by other accepted means of processing. No unique compounds 
: -. ‘(5) 

have been found in food exposed to ionizing radiation in 35 years of research . 

The results indicate that the amounts of radiolytic products increase linearly 

with dose. Extrapot at i ng to the dose of 0.5 Gy and assuming that each broken 

chemical bond; yields a radiolytlc molecule, i t means that the amount of radio- 

lytic products decreases considerably. 

wm405 
The dose of 0.5 Gy yicided concentrations of radiolytic products too low that 

they would be impossible to detect. If foods treated with higher doses are safe 

for human consumption, foodstuffs. exposed to 0.5 Gy would be also safe, .assuming 

that the energy level of X-ray for surveil lance cause no radioactivity problems 

and thus can not expose the consumer to radiation. 

-ighP ._., 
/. 

. . 
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